Effect of phthalate esters on energy coupling and succinate oxidation in rat liver mitochondria.
Isolated rat liver mitochondria were exposed to mono- and di-n-butyl phthalate (MBP and DBP) and mono- and di(2-ethylhexyl)phthalate (MEHP and DEHP) and examined for effects on mitochondrial energy-dependent processes, including oxidative phosphorylation and active K+ uptake. Additional studies on the effects of these phthalate esters on succinate oxidation and on mitochondrial membrane integrity are also included. DBP and MEHP stimulated succinate state 4 respiration, impaired K+-valinomycin induced swelling with succinate, ascorbate, or ATP as the energy sources, and inhibited succinate state 3 respiration and succinate cytochrome c reductase activity. MEHP was found to act as a non-competitive inhibitor of succinate dehydrogenase activity, with an apparent Ki = 2.4 X 10(-4) M. At concentrations which uncouple energy linked reactions, MEHP and DBP produced only slight energy-independent swelling and release of soluble proteins from isolated mitochondria. MBP caused only slight stimulation of state 4 respiration and impairment of K+-valinomycin induced swelling with each of the 3 energy sources, however, of the 4 phthalate esters, it produced the greatest energy-independent swelling and led to the greatest release of soluble mitochondrial proteins. DEHP had no apparent effect on any of these processes except for slight impairment of ATP-dependent K+-valinomycin induced swelling. It is concluded that phthalate ester toxicity in liver mitochondria is due to uncoupling of energy linked reactions and/or inhibition of succinate dehydrogenase activity. Uncoupling by MBP may involve disruption of mitochondrial membrane integrity, while uncoupling by DBP and MEHP is probably due to an increase in membrane permeability to H+ and other small ions.